I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Central nervous system tumors account for about one-quarter of all cancers in children.\[[@ref1]\] In children, more than 60% of these tumors arise in the posterior fossa.\[[@ref2]\] Advances in imaging and treatment (particularly surgery and radiotherapy) have brought about a great improvement in survival in these patients over the past few decades.\[[@ref3][@ref4][@ref5][@ref6][@ref7]\] One of the most troublesome postoperative complications of cerebellar and fourth ventricular tumor surgery is cerebellar mutism (CM) and its associated features. CM syndrome (CMS) characteristically developed after surgery of midline posterior fossa tumors.

In 2015, the Board of the Posterior Fossa Society initiated an international consensus process to create formal definition of the clinical entities commonly known as CM and posterior fossa syndrome (PFS),\[[@ref8][@ref9]\] as seen in children after posterior fossa tumor surgery. This resulted in a new definition of postoperative pediatric CMS: "Postoperative pediatric CMS" is characterized by delayed onset mutism/reduced speech and emotional lability after cerebellar or 4th ventricle tumor surgery in children. Additional common features include hypotonia and oropharyngeal dysfunction/dysphagia. It may frequently be accompanied by the cerebellar motor syndrome, cerebellar cognitive affective syndrome, and brainstem dysfunction including long tract signs and cranial neuropathies. The mutism is always transient, but recovery from CMS may be prolonged. Speech and language may not return to normal, and other deficits of cognitive, affective, and motor function often persist.\[[@ref2]\]

Several recent prospective studies have reported the incidence of CM after posterior fossa surgery in children to be 11%--29%.\[[@ref10][@ref11][@ref12][@ref13][@ref15]\] The syndrome usually manifests 1--2 days after surgery, lasts for 1 day to several months, and can be followed with severe dysarthria before recovery.\[[@ref2]\] The underlying mechanisms for the development of PFS are still unclear. In a few studies, various risk factors have been suggested such as type, size or location of the tumor, type of the surgery, and postoperative complications. The cerebellum has a basic role in complicated neural functions such as motion, coordination, equilibrium, memory, attention, emotions, mental, and social functions.\[[@ref16]\] Although patients with posterior fossa lesions generally present with ataxia and lack of coordination, cognitive impairments, behavioral or emotional disturbances are frequently reported.

Aims and objective {#sec2-1}
------------------

The aim of the current study was to determine the incidence of CMS at our institution, to define the risk factors for postoperative CMS, and to determine accompanying neurobehavioral and psychological problems.

The secondary objective of our study is to prevent CMS by identifying risk factors preoperatively and to prevent them intraoperatively.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

A consecutive series of 33 children with midline cerebellar tumors were operated at the SMS Medical College and Hospital, Department of Neurosurgery, Jaipur, India, between September 2015 and December 2016.

Study design: Hospital-based observational descriptive studyStudy period: September 1, 2015, to December 31, 2016Study area: Department of Neurosurgery, SMS Medical College and Hospital, Jaipur, IndiaStudy population:Thirty-three pediatric cases of midline posterior fossa mass age ranging from 1 to 18 yearsPatients operated for midline posterior fossa tumor were evaluated neurologically and psychologically in preoperative and postoperative periodsParameters such as positive neurologic and emotional findings, the characteristics of mutism, and test results were recorded in patients with CMS and they were followed.Study analysis: Chi-square test, Student's *t*-test for difference in means, univariate analysis by odds ratio, and confidence interval and "*P*" valueAdditional details of radiology such as tumor size, hydrocephalus, involvement of brainstem, cerebellar peduncles, and fourth ventricle were notedWe also noted postoperative computed tomography (CT)/magnetic resonance imaging (MRI) scans to evaluate residual tumor and complications secondary to surgical intervention such as edema, hemorrhage, pneumoencephaly, or hydrocephalusHistopathology report of all patients was obtainedPatients with a relapsed tumor, patients who had received former chemotherapy and/or radiotherapy, and patients with a known mental retardation and neurobehavioral or psychological problems were excludedAll patients or their legal guardians provided written informed consent in accordance to study requirementsEthical clearance taken for study from college ethical committee.

Thirty-three children with normal psychomotor development and age-appropriate speech were admitted for the first resection of a midline posterior fossa cranial tumor. Speech behavior was followed up every day during the week after surgery in all children. In cases of mutism, they were followed up at intervals as short as possible for 4 weeks. They were assessed every week until the facility for speech was regained. The speech criteria were:

Spontaneous languageRepetition of words and sentencesReadingWatching anythingSmiling and interacting with another child in the pediatric room and with parents at home.

All possible speech characteristics such as voice, quality, nasality, articulation, speech rate, and respiration pattern were assessed. A neurological examination was performed to identify other possible neurological disease. The latency for the development of mutism ranged from 1 day to 12 days. Speech returned to normal in all patients. All of them had always accompanied by cerebellar ataxia of variable severity. Brain CT, MRI, or both were studied to determine the preoperative maximum lesion diameter and size of tumor. We collected all information about their postoperative data such as edema, ventricular enlargement, infection, and hemorrhage. In this study, we examined whether the type, size, and location of the tumor, the type of cerebellar incision, preoperative and postoperative hydrocephalus, and edema are related to CMS.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

Between September 2015 and December 2016, 33 children with a midline posterior fossa tumor were operated in the neurosurgery department. All 33 patients (19 males and 14 females) were sequentially enrolled in the study. We divided the patient population into two groups: Group A (patients without CMS) and Group B (patients having CMS). CMS developed in 6 patients among 33 (18.18%) included in the study. Histopathology was suggestive of medulloblastoma in 19 (57.57%), pilocytic astrocytoma in 9 (27.27%), and ependymoma in 5 (15.15%) patients of both study groups. Patients developed postoperative CMS were all having medulloblastoma in histopathology.

Demographic and preoperative clinical characteristics of the patients are summarized in Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}. All of the patients having CMS were males. Mean age was 8.06 years in Group A and 8.83 years in Group B. Preoperative clinical characteristics taken in to consideration are sensorium of patients and presence of ataxia, papilledema, irritability and/or cranial nerve palsies. Preoperative irritability was significantly correlated with development of postoperative CMS (*P* = 0.032). Another interesting finding was that female gender has a significantly lower incidence of postoperative CMS. Ataxia was present in 23 patients. Most patients were presented with headache, vomiting, and papilledema on fundus examination, i.e., signs of raised intracranial tension.

###### 

Preoperative demographic and clinical profile of both groups

![](JPN-12-313-g001)

###### 

Mean age and tumor size in both groups
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In preoperative MRI, 32 patients have periventricular cerebrospinal fluid ooze with involvement of brainstem (compressed or invaded) in 25 patients. Middle and superior cerebellar peduncles were involved in 19 and 25 patients, respectively, in both groups. Maximum tumor size was ranging from 31 to 62 mm in Group A and 41--55 mm in Group B patients. Maximum tumor size \>45 mm was strongly correlated with development of postoperative CMS (*P* = 0.025). All patients had hydrocephalus at the time of admission in hospital and undergone up shunt surgery before definitive surgical procedure. Degree of hydrocephalus (measured with Evans' index) was not associated with any increase in the development of postoperative CMS \[[Table 3](#T3){ref-type="table"}\].

###### 

Preoperative magnetic resonance imaging considerations of both groups
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All patients were operated in prone position with midline suboccipital craniectomy. Thirteen patients were operated with telovelar approach while twenty patients were operated with transvermian approach. Linear incision in vermis, incision of vermis more than 1.5 cm, and resection of vermis all were significantly correlated with development of postoperative CMS. Incision in the middle part of vermis was strongly associated with development of postoperative CMS (*P* = 0.007). Incision only in inferior or superior vermis was not associated with postoperative CMS. Resection of tumor involving superior cerebellar peduncle was a significant risk factor for CMS (*P* = 0.007). Complete tumor resection was found in 26 of total patients with all the patients with CMS (*P* = 0.394) \[[Table 4](#T4){ref-type="table"}\].

###### 

Intraoperative considerations of patients
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Contrast MRI of the brain was performed in all patients within 48 h of surgery \[[Table 5](#T5){ref-type="table"}\]. Location of residual, if any, edema, hemorrhage, and ventricular size was noted. No significant edema, hemorrhage, and ventricular dilatation were seen in postoperative MRI. Complete resection was found in 20 patients based on postoperative MRI and intraoperative estimation by surgeon. Residual lesion was found in the 4th ventricle floor, 4th ventricle lateral wall, superior cerebellar peduncles, and vermis in decreasing order. VP shunt was performed in one patient in postoperative period.

###### 

Extent of resection and residual location of patients
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CMS developed in six patients among 33 (18.18%) included in the study. Histopathology was suggestive of medulloblastoma in 19 (57.57%), pilocytic astrocytoma in 9 (27.27%), and ependymoma in 5 (15.15%) patients of both study groups. Patients developed postoperative CMS were all having medulloblastoma in histopathology. Latency varies from 1 day to 12 days in all patients (average-3.5 days). Longest duration of CMS was of 53 days. All patients with CMS have ataxia of variable degree \[[Table 6](#T6){ref-type="table"}\].

###### 

Demographic and clinical profile of patients with cerebellar mutism syndrome
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D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

Postoperative CMS is specifiic to posterior fossa midline tumors. Acute insult to the middle part of the cerebellum may also result in CMS.\[[@ref17]\] "Postoperative pediatric CMS" is characterized by delayed onset mutism/reduced speech and emotional lability after cerebellar or 4th ventricle tumor surgery in children. CMS is temporary loss of speech and is generally described in pediatric age group.\[[@ref18]\] Hirsch *et al*. first reported CMS after posterior fossa surgery in1979, as a reversible complication of posterior fossa surgery.\[[@ref19]\] Few years later in1985, Rekate *et al*.\[[@ref20]\] and Yonemasu\[[@ref21]\] described PFS as a distinct clinical entity. Since then, more than 200 patients with this syndrome have been reported in the literature.\[[@ref10]\] Our study was aimed to determine the risk factors for PFS and to describe associated neurobehavioral abnormalities. In retrospective studies, the incidence of CMS has been reported to be 8%--25%.\[[@ref22][@ref23][@ref24]\] However, higher incidence rates have been reported in prospective studies.\[[@ref10][@ref12][@ref18]\] The possible cause of this discrepancy and the lower incidence in retrospective series may be due to lack of awareness about the CMS in health-care staff, diffiiculty in recall the past events by the family members, and improving of CMS in a short period of time in most of the patients.

Pathophysiology {#sec2-2}
---------------

The pathophysiological mechanism of CM has not been elucidated fully yet. Although the basis of the event is surgical intervention, the findings do not occur immediately and at least partial recovery is the rule. If mutism starts immediately after surgical intervention, one should be suspicious about bulbar dysfunction which occurs with damage to the cranial nerve nuclei in the brainstem.\[[@ref25]\] In CM, secondary processes initiated with tumor resection should be considered.\[[@ref26]\] It is thought that these secondary processes are closely related with perfusional disorders, edema, troubles in release of neurotransmitters, and axonal injury.\[[@ref8]\]

Cerebellar perfusional disorders: During surgical approach to the cerebellum, intraoperative coagulation of the perforating vessels and arterial embolic obstruction may be the cause of cerebellar hypoperfusion, transient ischemia, and thus CMEdema: Delayed onset of CM may be related with postoperative swelling and edemaTransient disruption in release of neurotransmitters: According to Siffert *et al*., changes in the levels of neurotransmitters and disruption of connective structures at synaptic or transsynaptic levels may explain the delay between operation and onset of mutism\[[@ref8][@ref22][@ref23]\]Axonal injury: Surgical intervention directed to the ascendant pathways and strain may be considered important pathological factors.\[[@ref12][@ref27][@ref28]\] MRI and diffusion tensor imaging examinations have shown that functional interruptions of white matter bundles involving the efferent axons in the superior cerebellar peduncles are an important pathophysiological component of CM.\[[@ref23]\]

There was a male gender predilection for CMS in our series consistent with that reported in other studies.\[[@ref10][@ref12][@ref18][@ref23]\] Age of the patients was not found to have a signifiicant impact on developing CMS. Younger age might be considered as a risk factor for CMS since the syndrome is rarely described in adults. The results of the current study did not support this hypothesis. Immature pathways between cerebellum, pontine nuclei, thalamus, sensory, and motor cortical areas in children may be responsible for the higher incidence of CMS in pediatric age.\[[@ref29][@ref30]\] Most acceptable hypothesis described involvement of dentate nuclei in the cerebellum or damage in median parts of the cerebellum is the cause of CMS.\[[@ref20][@ref31][@ref32]\] Some authors proposed that resection and manipulation of the cerebellum, dentate nuclei, and superior cerebellar peduncles can cause transient ischemia and edema leading to CM.\[[@ref14][@ref29][@ref34][@ref35]\] Our study supports this hypothesis as midline location and involvement of superior cerebellar peduncles significantly correlated with development of postoperative pediatric CMS. As postoperative pediatric CMS occurs mostly in children with midline posterior fossa tumors after surgery, we included children with midline posterior fossa tumors only in our study. Kotil *et al*.\[[@ref18]\] similarly reported a 6.7-time greater risk for PFS with a tumor located in median parts compared to tumors located laterally in cerebellar hemispheres.

Moreover, in a study, investigators have shown that only damage to median structures of the cerebellum without an effect to dentate nuclei can cause disordered speech and impairment in dentate nuclei can lead to diffiiculty in starting voluntary movements.\[[@ref36]\] For resection of posterior fossa tumors, suboccipital craniotomy is the preferred type of the surgery. With such an intervention, it was proposed that damage to cerebellar vermis, bilateral cerebellar hemispheres, and deeper nuclei can be associated with CMS.\[[@ref32]\] In our study, type of surgery undertaken for all patients was suboccipital craniectomy, and in majority of the patients, the tumor was resected by gross-total excision, without a signifiicant impact on PFS. Suboccipital craniotomy ensures better dissection of the median structures and gross-total resection with large manipulation brings another risk for damage to the proposed structures responsible from CMS. Tumor type, especially medulloblastoma, was also shown to be a risk factor for the CMS.\[[@ref23][@ref24]\] Medulloblastoma is the most common malignant CNS tumor in children and comprised 40% of the cerebellar tumors. For this reason, it is usual to face with diagnosis of medulloblastoma in high percentages in studies investigating CMS.\[[@ref12]\] We found a statistically signifiicant correlation (*P* = 0.047) between diagnosis of medulloblastoma and CMS. Patients with medulloblastoma have an overall survival of 60%--70% by a complete resection and adjuvant radiochemotherapy.\[[@ref33]\] General approach to tumors suspected from medulloblastoma or confiirmed as medulloblastoma in frozen section is total resection.\[[@ref37]\] After posterior fossa surgery, acute or long-term complications including CMS might be expected.\[[@ref38][@ref39][@ref40]\] Apart from mutism, the primary symptom in patients with CMS, neurobehavioral and emotional problems were defiined.\[[@ref13][@ref22][@ref24]\] In our study, incidence of CMS is slightly lower than some studies done previously \[[Table 7](#T7){ref-type="table"}\]. One possible explanation of this is that we use VP shunt in most patients with posterior fossa tumors before definitive surgery, and this allows sufficient time and space to accommodate the cerebellum and posterior fossa structure so that these structure deal with intraoperative stress and postoperative edema in a better way. Another cause may be the higher mean age of the patients included in our study.

###### 

Comparison of incidence of cerebellar mutism syndrome in different studies
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C[ONCLUSIONS]{.smallcaps} {#sec1-5}
=========================

Although the exact cause of the CMS remains still obscure, our study determined that irritability in pre- and post-operative period, midline localization of the tumor, maximum tumor size more than 45 mm, histopathological diagnosis of medulloblastoma, involvement of superior cerebellar peduncles, and vermian incision and/or resection to be signifiicant risk factors. Male gender also has increased susceptibility for postoperative CMS. Transient ischemia and edema due to manipulation of the dentate nuclei, superior cerebellar peduncles, and the dentatothalamic pathway may contribute to the development of CMS. Studies with larger numbers of patients, examining anatomical and functional status of the cerebellum, and its connections before and after the surgery might be of help to support this hypothesis and determine other risk factors for CMS. Patients with CMS should be followed routinely to assess the development of emotional, behavioral, and social problems over time.
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